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(57)Abstract: i'^* 
PROBLEM TO BE SOLVED: To lock a camshaft phase at an 
intermediate lock phase reliably. 

SOLUTION: When an ignition switch is turned off, a hydraulic control 
valve 29 is controlled at an advanced angle and a camshaft phase is 
advanced by moving a rotor 35 relatively in the advanced angle 
direction with respect to a housing 31 . After that, if the camshaft phase tr\\ 
is advanced beyond an intermediate lock phase, the hydraulic control 
valve 29 performs feed back control to return the camshaft phase to the 
intermediate lock phase. During the lock advance angle control while 
the camshaft phase is controlled near the intermediate lock phase, 
when spring force of a spring 62 of a lock pin 58 becomes stronger than 
hydraulic pressure, the lock pin 58 is fitted into a lock hole 59 and the 
camshaft phase is locked at the intermediate lock phase. Thereby, 
even when the camshaft phase is at a delay angle side compared to 
the intermediate lock phase while the ignition switch is turned off, the 
camshaft phase can be reliably locked at the intermediate lock phase. 
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JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim l] The 1st body of revolution rotated synchronizing with an internal combustion 
engine's crankshaft, and the 2nd body of revolution connected with the cam shaft which is 
arranged said the 1st shape of body of revolution and the same axle, and carries out the 
closing motion drive of an intake valve or the exhaust air bulb, The vane which divides the 
fluid room which was established in either of said 1st body of revolution and said 2nd body 
of revolution, and was formed among both body of revolution in a tooth-lead-angle room 
and a lag room, The fluid pressure control means which controls the fluid pressure 
supplied to said tooth-lead-angle room and said lag room, By controlling said fluid pressure 
control means, changing the fluid pressure of said tooth-lead-angle room and said lag room, 
respectively, and carrying out relative rotation of said the 1st body of revolution and said 
2nd body of revolution The valve timing control means which the rotation phase 
(henceforth a "cam shaft phase") of said cam shaft over said crankshaft is changed, and 
carries out adjustable control of the valve timing, In the adjustable valve timing control 
unit of the internal combustion engine having the relative rotation lock means energized so 
that said cam shaft phase might be locked with the middle lock phase located in the 
abbreviation middle of the range which can be adjusted at the time during a halt of an 
internal combustion engine of starting It has an engine halt command detection means to 
detect an internal combustion engine's halt command. Said valve timing control means 
The adjustable valve timing control unit of the internal combustion engine characterized 
by controlling said fluid pressure control means to carry out the tooth lead angle of said 
cam shaft phase for a lock when said engine halt command detection means detects a halt 
command. 

[Claim 2] The 1st body of revolution rotated synchronizing with an internal combustion 
engine's crankshaft, and the 2nd body of revolution connected with the cam shaft which is 
arranged said the 1st shape of body of revolution and the same axle, and carries out the 
closing motion drive of an intake valve or the exhaust air bulb, The vane which divides the 
fluid room which was established in either of said 1st body of revolution and said 2nd body 
of revolution, and was formed among both body of revolution in a tooth-lead-angle room 
and a lag room, The fluid pressure control means which controls the fluid pressure 
supplied to said tooth-lead-angle room and said lag room, By controlling said fluid pressure 
control means, changing the fluid pressure of said tooth-lead-angle room and said lag room, 
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respectively, and carrying out relative rotation of said the 1st body of revolution and said 
2nd body of revolution The valve timing control means which the rotation phase 
(henceforth a "cam shaft phase") of said cam shaft over said crankshaft is changed, and 
carries out adjustable control of the valve timing, In the adjustable valve timing control 
unit of the internal combustion engine having the relative rotation lock means energized so 
that said cam shaft phase might be locked with the middle lock phase located in the 
abbreviation middle of the range which can be adjusted at the t im e during a halt of an 
internal combustion engine of starting It has an engine failure inclination judging means 
to judge whether it is the operational status which an engine stall tends to generate. Said 
valve timing control means The adjustable valve timing control unit of the internal 
combustion engine characterized by controlling said fluid pressure control means to carry 
out the tooth lead angle of said cam shaft phase for a lock when judged with the 
operational status which an engine stall tends to generate with said engine failure 
inclination judging means. 

[Claim 3] The 1st body of revolution rotated synchronizing with an internal combustion 
engine's crankshaft, and the 2nd body of revolution connected with the cam shaft which is 
arranged said the 1st shape of body of revolution and the same axle, and carries out the 
closing motion drive of <m intake valve or the exhaust air bulb, The vane which divides the 
fluid room which was established in either of said 1st body of revolution and said 2nd body 
of revolution, and was formed among both body of revolution in a tooth-lead-angle room 
and a lag room, The fluid pressure control means which controls the fluid pressure 
supplied to said tooth-lead-angle room and said lag room, By controlling said fluid pressure 
control means, changing the fluid pressure of said tooth-lead-angle room and said lag room, 
respectively, and carrying out relative rotation of said the 1st body of revolution and said 
2nd body of revolution The valve timing control means which the rotation phase 
(henceforth a "cam shaft phase") of said cam shaft over said crankshaft is changed, and 
carries out adjustable control of the valve timing, In the adjustable valve timing control 
unit of the internal combustion engine having the relative rotation lock means energized so 
that said cam shaft phase might be locked with the middle lock phase located in the 
abbreviation middle of the range which can be adjusted at the time during a halt of an 
internal combustion engine of starting It has an abnormality judging means to judge the 
existence of the abnormalities of a control system. Said valve timing control means The 
adjustable valve timing control unit of the internal combustion engine characterized by 
controlling said fluid pressure control means to carry out the tooth lead angle of said cam 
shaft phase for a lock when judged with those with abnormalities with said abnormality 
judging means. 

[Claim 4] The 1st body of revolution rotated synchronizing with an internal combustion 
engine's crankshaft, and the 2nd body of revolution connected with the cam shaft which is 
arranged said the 1st shape of body of revolution and the same axle, and carries out the 
closing motion drive of an intake valve or the exhaust air bulb, The vane which divides the 
fluid room which was established in either of said 1st body of revolution and said 2nd body 
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of revolution, and was formed among both body of revolution in a tooth/lead angle room 
and a lag room, The fluid pressure control means which controls the fluid pressure 
supplied to said tooth-lead-angle room and said lag room, By controlling said fluid pressure 
control means, changing the fluid pressure of said tooth-lead-angle room and said lag room, 
respectively, and carrying out relative rotation of said the 1st body of revolution and said 
2nd body of revolution The valve timing control means which the rotation phase 
(henceforth a "cam shaft phase") of said cam shaft over said crankshaft is changed, and 
carries out adjustable control of the valve timing, In the adjustable valve timing control 
unit of the internal combustion engine having the relative rotation lock means energized so 
that said cam shaft phase might be locked with the middle lock phase located in the 
abbreviation middle of the range which can be adjusted at the time during a halt of an 
internal combustion engine of starting Said fluid pressure control means is the adjustable 
valve timing control unit of the internal combustion engine characterized by the valve 
element being energized by the location which changes fluid pressure in the direction 
which carries out the tooth lead angle of said cam shaft phase at the time of an 
energization halt. 

[Claim 5] It is the adjustable valve timing control unit of an internal combustion engine 
given in either of claims 1, 3, and 4 which are equipped with an engine failure inclination 
judging means to judge whether it is the operational status which an engine stall tends to 
generate, and are characterized by said valve timing control means controlling said fluid 
pressure control means to carry out the tooth lead angle of said cam shaft phase for a lock 
when judged with the operational status which an engine stall tends to generate with said 
engine failure inclination judging means. 

[Claim 6] It is the adjustable valve timing control unit of an internal combustion engine 
given in either of claims 1, 2, and 4 which are equipped with an abnormality judging 
means to judge the existence of the abnormalities of a control system, and are 
characterized by said valve timing control means controlling said fluid pressure control 
means to carry out the tooth lead angle of said cam shaft phase for a lock when judged with 
those with abnormalities with said abnormality judging means. 

[Claim 7] Said fluid pressure control means is the adjustable valve timing control unit of 
an internal combustion engine given in either of claims 1, 2, and 3 characterized by the 
valve element being energized by the location which changes fluid pressure in the direction 
which carries out the tooth lead angle of said cam shaft phase at the time of an 
energization halt. 

[Claim 8] Said valve timing control means is the adjustable valve timing control unit of the 
internal combustion engine according to claim 1 to 7 characterized by carrying out 
feedback control of said fluid pressure control means so that this cam shaft phase may be 
doubled with this middle lock phase, when said cam shaft phase carries out a tooth lead 
angle rather than said middle lock phase before the internal combustion engine stopped at 
the time of an internal combustion engine's halt command. 

[Claim 9] Said valve timing control means is the adjustable valve timing control unit of the 
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internal combustion engine according to claim 1 to 8 characterized by controlling said fluid 
pressure control means to carry out the tooth lead angle of said cam shaft phase for a lock 
when an engine rotational frequency turns into below a predetermined rotational 
frequency. 

[Claim 10] The adjustable valve timing control unit of the internal combustion engine 
according to claim 1 to 9 characterized by having the main relay control means which turns 
off said main relay when said cam shaft phase carries out the tooth lead angle of the 
current supply to a control system to the main relay turned on / turned off rather than said 
middle lock phase by the tooth-lead-angle control at the time of a halt of an internal 
combustion engine, or when [ after an internal combustion engine's halt command is 
detected, ] predetermined time has passed. 

[Claim 11] The adjustable valve timing control unit of the internal combustion engine 
according to claim 1 to 10 characterized by applying said cam shaft phase at the time of an 
internal combustion engine stopping to the system currently controlled rather than said 
middle lock phase at the lag side. 

[Claim 12] Said valve timing control means is the adjustable valve timing control unit of 
the internal combustion engine according to claim 1 to 11 characterized by controlling said 
fluid pressure control means to carry out the tooth lead angle of said cam shaft phase for a 
lock only when it is necessary to make said cam shaft phase lock with said middle lock 
phase and said cam shaft phase is located in a lag side rather than said middle lock phase. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the adjustable valve timing control unit of 
the internal combustion engine which had the function which locks a cam shaft phase with 
the middle lock phase located in the abbreviation middle of the range which can be 
adjusted at the time during a halt of an internal combustion engine of starting. 
[0002] 

[Description of the Prior Art] In recent years, in the internal combustion engine carried in 
a car, what adopted the adjustable valve timing control unit for the purpose of the 
improvement in an output, fuel consumption reduction, and exhaust air emission reduction 
is increasing. For example, as shown in drawing 12 , the fundamental configuration of the 
adjustable valve timing control device of a vane method arranges the housing 1 which 
rotates synchronizing with an engine crankshaft, and Rota 2 connected with the cam shaft 
of an inhalation-of-air (or exhaust air) bulb in the shape of the same axle, and divides it in 
the tooth-lead -angle room 5 and the lag room 6 by the vane 4 in which the fluid room 3 
formed in housing 1 was established in Rota 2. And the rotation phase (henceforth a "cam 
shaft phase") of the cam shaft over a crankshaft is changed, and it is made to carry out 
adjustable control of the valve timing by controlling the oil pressure of the tooth-lead-angle 
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room 5 and the lag room 6 by the hydraulic control valve, and carrying out relative rotation 
of housing 1 and Rota 2 (vane 4). 

[0003] In order to prevent the noise by vibration of the vane 4 at the time of starting, the 
adjustable valve timing control device of the conventional vane method is the maximum 
lag phase to which the lag of the cam shaft phase was carried out most, and he is trying to 
lock relative rotation with housing 1 and Rota 2 (vane 4) by the lock pin 7 at the time of an 
engine shutdown (at the time of an oil pressure fall). Therefore, in order to start with the 
maximum lag phase at the time of starting, the maximum lag phase is set as the phase 
suitable for starting. 

[0004] However, with this configuration, since the maximum lag phase will be restricted 
with the phase at the time of starting (lock phase), the range of valve timing (cam shaft 
phase) which can be adjusted will be restricted with a lock phase, and there is a fault that 
the range of valve timing which can be adjusted is narrow. 

[0005] Then, as shown in JP,9324613,A, expanding the range of valve timing (cam shaft 
phase) which can be adjusted is proposed by setting the lock phase at the time of an engine 
shutdown as the abbreviation mid-position of the range of a cam shaft phase which can be 
adjusted. 
[0006] 

[Problem(s) to be Solved by the Invention] By the way, the lock pin 7 which locks a cam 
shaft phase is energized in the lock direction by the spring, and it is held with oil pressure 
during engine operation in a lock discharge location. And when an engine stops, and a cam 
shaft phase changes to a lag side and reaches to a middle lock phase by the fall of the oil 
pressure accompanying the fall of an engine speed (oil-pump rotational frequency), a lock 
pin 7 gets into a lock hole with a spring, and a cam shaft phase is locked with a middle lock 
phase. Here, the reason a cam shaft phase changes with oil pressure falls to a lag side is for 
the load torque of a cam shaft to work to a lag side. 

[0007] However, with this configuration, in order not to reach a middle lock phase even if 
the cam shaft phase changes with oil pressure falls to the lag side if a cam shaft phase is 
already in a lag side rather than a middle lock phase in case an engine stops, there is a 
fault that a cam shaft phase cannot be locked with a middle lock phase. In short, with the 
conventional configuration, since it depends for the lock in a middle lock phase only on the 
fall of the oil pressure accompanying the fall of an engine speed (oil-pump rotational 
frequency), the case where the success or failure of the lock in a middle lock phase will be 
influenced by the physical relationship of the cam shaft phase at the time of an engine 
shutdown and a middle lock phase, and cannot lock a cam shaft phase with a middle lock 
phase arises. 

[0008] At the time of next starting, if a cam shaft phase cannot be locked with a middle 
lock phase at the time of an engine shutdown, in order to start by the valve timing from 
which could not control valve timing (cam shaft phase) to desired value (near a middle lock 
phase), consequently it separated from desired value until an engine speed (oil-pump 
engine speed) goes up and oil pressure rises, startability will worsen and engine starting 
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time amount will become long. And since the location of a vane 4 is not fixed until oil 
pressure rises if it starts in the condition of not locking a cam shaft phase, a vane 4 also 
produces the problem that collide with housing 1 and the noise occurs. 

[0009] This invention is made in consideration of such a situation, therefore the purpose is 
in offering the adjustable valve timing control unit of the internal combustion engine 
which can make the actuation which locks a cam shaft phase with a middle lock phase 
ensure. 
[00 10] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, when an 
engine halt command detection means detect an internal combustion engine's halt 
command is established in the adjustable valve -timing control unit of the internal 
combustion engine of claim 1 of this invention and this engine halt command detection 
means detects a halt command, a fluid-pressure control means controls to carry out the 
tooth lead angle of the cam shaft phase by the valve-timing control means for a lock (this 
control says as "lock tooth-lead-angle control" hereafter). Since the tooth lead angle of the 
cam shaft phase will be carried out by lock tooth-lead-angle control after that even if a cam 
shaft phase already suits a lag side rather than a middle lock phase at the time of halt 
command detection of an internal combustion engine if it does in this way, a cam shaft 
phase can be made in agreement with a middle lock phase, or the tooth lead angle of the 
cam shaft phase can be carried out rather than a middle lock phase. If a cam shaft phase 
carries out a tooth lead angle rather than a middle lock phase, a cam shaft phase will once 
come to reach a middle lock phase surely in the process in which it changes to the lag side, 
after that by the fluid pressure fall accompanying the fall of an engine speed (pump 
rotational frequency). For this reason, even if a cam shaft phase already suits a lag side 
rather than a middle lock phase at the time of halt command detection of an internal 
combustion engine, a cam shaft phase can certainly be locked with a middle lock phase. 
[0011] Moreover, when it judges whether it is the operational status which an engine stall 
tends to generate with an engine failure inclination judging means like claims 2 and 5 and 
is judged with the operational status which an engine stall tends to generate, lock 
tooth-lead-angle control may be carried out. If it does in this way, a cam shaft phase can 
certainly be locked by lock tooth-lead-angle control also in the time of an engine stall at a 
middle lock phase. 

[0012] Moreover, when the existence of the abnormalities of a control system is judged with 
an abnormality judging means and it is judged with those of a control system with 
abnormalities like claims 3 and 6, lock tooth-lead-angle control may be carried out. If it 
does in this way, for example will be in the condition that a cam shaft phase is correctly 
uncontrollable by abnormalities, such as a crank angle sensor and a cam angle sensor, to a 
target phase, lock tooth-lead-angle control is carried out, the tooth lead angle of the cam 
shaft phase is carried out, and a cam shaft phase comes to be soon located in a 
tooth-lead -angle side rather than a middle lock phase. For this reason, also in the condition 
that a cam shaft phase is uncontrollable by the abnormalities of a control system to a 
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target phase, in case an internal combustion engine is stopped, a cam shaft phase can be 
located in a tooth-lead-angle side rather than a middle lock phase, and a cam shaft phase 
can certainly be locked with a middle lock phase. 

[0013] Moreover, you may make it a fluid pressure control means energize a valve element 
like claims 4 and 7 in the location which changes fluid pressure in the direction which 
carries out the tooth lead angle of the cam shaft phase at the time of an energization halt. 
Since the tooth lead angle of the cam shaft phase will be automatically carried out by the 
fluid pressure control means if energization of fluid pressure control means HE is stopped 
in case an internal combustion engine stops if it does in this way, a cam shaft phase can 
certainly be locked with a middle lock phase. 

[0014] In addition, invention of claims 1*4 may be carried out independently, respectively, 
and it may combine and it may be carried out. 

[0015] Moreover, when a cam shaft phase carries out a tooth lead angle like [ phase / 
middle lock ] claim 8 before the internal combustion engine stopped at the time of an 
internal combustion engine's halt command, it is good to carry out feedback control of the 
fluid pressure control means so that this cam shaft phase may be doubled with this middle 
lock phase. When doing in this way, an internal combustion engine stops and a cam shaft 
phase is already located in a tooth-lead-angle side rather than a middle lock phase, or 
when a cam shaft phase passes a middle lock phase by lock tooth-lead-angle control 
mentioned above and a tooth lead angle is carried out, a cam shaft phase can promptly and 
more certainly be locked with a middle lock phase by feedback control. 

[0016] By the way, if an engine rotational frequency (oil-pump rotational frequency) falls, 
since fluid pressure will decline, when an engine rotational frequency becomes low too 
much, there is a possibility that it may become impossible to secure fluid pressure required 
to carry out the tooth lead angle of the cam shaft phase to a middle lock phase. 
[0017] Then, before reaching the low rotation field it becomes impossible to secure the fluid 
pressure which needs an engine rotational frequency to carry out the tooth lead angle of 
the cam shaft phase to a middle lock phase like claim 9 when an engine rotational 
frequency turns into below a predetermined rotational frequency that is, it is good to start 
lock tooth-lead-angle control at the rotational frequency which gave allowances to some 
extent. If it does in this way, since lock tooth-lead-angle control of the cam shaft phase can 
be certainly carried out in the rotation field which can secure the fluid pressure which 
needs an engine rotational frequency to carry out the tooth lead angle of the cam shaft 
phase to a middle lock phase, the situation stop being able to carry out the tooth lead angle 
of the cam shaft phase to a middle lock phase by the fluid pressure fall by engine rotational 
frequency fall is beforehand avoidable. 

[0018] Moreover, when a cam shaft phase carries out a tooth lead angle rather than a 
middle lock phase by the lock tooth-lead-angle control at the time of a halt of an internal 
combustion engine, or when [ after an internal combustion engine's halt command is 
detected, ] predetermined time (equivalent to time amount required for a cam shaft phase 
to carry out a tooth lead angle more than a middle lock phase) has passed, you may make it 
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turn off the main relay for current supply by the main relay control means like claim 10. 
Before a cam shaft phase carries out a tooth lead angle to a middle lock phase, it can 
prevent that main relay will be turned off, and if it does in this way, lock tooth-lead-angle 
control can be certainly performed until it carries out the tooth lead angle of the cam shaft 
phase more than a middle lock phase. 

[0019] The adjustable valve timing control unit of this invention explained above has a cam 
shaft phase better than a middle lock phase at the time of an internal combustion engine 
stopping like claim 11 to apply to the system currently controlled at the lag side. Although 
a cam shaft phase cannot be locked with a middle lock phase in such a system unless it 
performs lock tooth-lead-angle control, in case an internal combustion engine stops, the 
effectiveness which can lock a cam shaft phase now with a middle lock phase, and applies 
this invention by performing lock tooth-lead-angle control is large. 

[0020] Moreover, in the condition that the cam shaft phase is controlled rather than the 
middle lock phase at the tooth-lead-angle side, even if it does not perform lock 
tooth-lead-angle control, a cam shaft phase can be locked with a middle lock phase. Even in 
this case, if lock tooth-lead-angle control shall be performed, since the cam shaft phase 
keeps away from the middle lock phase by lock tooth-lead-angle control, time amount until 
it makes a cam shaft phase lock with a middle lock phase will become long. 
[0021] Then, only when it is necessary to make a cam shaft phase lock with a middle lock 
phase and a cam shaft phase is located in a lag side rather than a middle lock phase like 
claim 12, it is good to be made to carry out lock tooth-lead-angle control. If it does in this 
way, when lock tooth-lead-angle control is unnecessary, it is not necessary to perform 
useless lock tooth-lead-angle control, and time amount until it makes a cam shaft phase 
lock with a middle lock phase can be shortened. 
[0022] 

[Embodiment of the Invention] The operation gestalt (l) which applied this invention to 
the adjustable valve timing control unit of an intake valve is explained based on drawing 1 
thru/or drawing 9 below [an operation gestalt (l)]. As shown in drawing 1 , as for the 
DOHC engine 11 which is an internal combustion engine, the power from a crankshaft 12 
is transmitted to the inspired air flow path cam shaft 16 and the exhaust side cam shaft 17 
by the timing chain 13 through each sprockets 14 and 15. However, the valve timing 
adjusting device 18 which adjusts the amount of tooth lead angles of the inspired air flow 
path cam shaft 16 over a crankshaft 12 is formed in the inspired air flow path cam shaft 16. 
Moreover, the cam angle sensor 19 which detects a cam angle is installed in the periphery 
side of the inspired air flow path cam shaft 16, and, on the other hand, the crank angle 
sensor 20 which detects a crank angle is installed in the periphery side of a crankshaft 12. 
[0023] An engine speed calculates the output signal of these crank angle sensor 20 and the 
cam angle sensor 19 from the frequency of the output pulse of the crank angle sensor 20 
while it is inputted into the engine control circuit 21 and the real valve timing of an intake 
valve calculates it by this engine control circuit 21. Moreover, the output signal of the 
various sensors (the intake-pressure sensor 22, a coolant temperature sensor 23, throttle 
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sensor 24 grade) which detect an engine operation condition, and the output signal of an 
ignition switch 25 or a timer 26 are also inputted into the engine control circuit 21. 
[0024] It performs adjustable valve timing control mentioned later, and this engine control 
circuit 21 carries out feedback control of the valve timing adjusting device 18 so that the 
real valve timing (the amount of real tooth lead angles of the inspired air flow path cam 
shaft 16) of an intake valve may be made in agreement with target valve timing (the 
amount of target tooth lead angles), while it performs fuel-injection control and ignition 
control based on the input signal of these various kinds. To the hydraulic circuit of this 
valve timing adjusting device 18, the oil in an oil pan mechanism 27 is supplied by the oil 
pump 28 through a hydraulic control valve 29 (fluid pressure control means), and the 
amount of real tooth lead angles of the inspired air flow path cam shaft 16 (real valve 
timing) is controlled by controlling that oil pressure by the hydraulic control valve 29. 
[0025] Moreover, the plus terminal side of a dc-battery 73 is connected to the power supply 
terminal of the engine control circuit 21 through the switch 72 of main relay 71. If an ON 
signal is inputted from an ignition switch 25, the engine control circuit 2 1 will be energized 
to the relay drive coil 74 of main relay 71, will turn on the switch 72 of main relay 71, and 
will receive supply of a power source from a dc-battery 73. The power source supplied 
through main relay 71 is supplied to hydraulic-control- valve 29 grade and the control 
system whole [ other than the engine control circuit 21 ]. After [ of an ignition switch 25 ] 
off is held succeedingly at a predetermined time ON state, and main relay 71 can perform 
now lock tooth-lead-angle control mentioned later at the period. 

[0026] Next, based on drawing 2 thru/or drawing 5 , the configuration of the valve timing 
adjusting device 18 is explained. The housing 31 (the 1st body of revolution) of the valve 
timing adjusting device 18 is being bound tight and fixed to the periphery of the inspired 
air flow path cam shaft 16 with the bolt 32 by the sprocket 14 supported free [ rotation ]. 
Thereby, rotation of a crankshaft 12 is transmitted to a sprocket 14 and housing 31 
through a timing chain 13, and a sprocket 14 and housing 31 rotate synchronizing with a 
crankshaft 12. 

[0027] On the other hand, the inspired air flow path cam shaft 16 is supported pivotable 
with the cylinder head 33 and a bearing cap 34, and Rota 35 (the 2nd body of revolution) 
binds it tight in the end section of this inspired air flow path cam shaft 16 with a bolt 37 
through a stopper 36, and it is being fixed to it. This Rota 35 is contained free [ relative 
rotation in housing 31 ]. 

[0028] As shown in drawing 3 and drawing 4 , two or more fluid rooms 40 are formed in the 
interior of housing 31, and each fluid room 40 is divided by the vane 41 formed in the 
periphery section of Rota 35 at the tooth-lead-angle room 42 and the lag room 43. And the 
periphery section of Rota 35 and the periphery section of a vane 41 are equipped with the 
seal member 44, respectively, and each seal member 44 is energized by flat spring 45 (refer 
to drawing 2 ) in the direction of a periphery. Thereby, the seal of the clearance between 
the peripheral face of Rota 35 and the inner skin of housing 31 and the clearance between 
the peripheral face of a vane 41 and the inner skin of the fluid room 40 is carried out by the 
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seal member 44. 

[0029] As shown in drawing 2 , the annular tooth-lead-angle slot 46 and the annular lag 
slot 47 which were formed in the periphery section of the inspired air flow path cam shaft 
16 are connected to the predetermined port of a hydraulic control valve 29, respectively, 
and when an oil pump 28 drives under the power of an engine 11, the oil pumped up from 
the oil pan mechanism 27 is supplied to the tooth-lead -angle slot 46 or the lag slot 47 
through a hydraulic control valve 29. The tooth-lead-angle oilway 48 connected to the 
tooth-lead-angle slot 46 is formed so that it may be open for free passage to the circular 
tooth-lead-angle oilway 49 (refer to drawing 3 ) which penetrated the interior of the 
inspired air flow path cam shaft 16, and was formed in the left lateral of Rota 35, and this 
circular tooth-lead-angle oilway 49 is opening it for free passage in each tooth-lead-angle 
room 42. On the other hand, the lag oilway 50 connected to the lag slot 47 is formed so that 
it may be open for free passage to the circular lag oilway 51 (refer to drawing 4 ) which 
penetrated the interior of the inspired air flow path cam shaft 16, and was formed in the 
right lateral of Rota 35, and this circular lag oilway 51 is opening it for free passage in each 
lag room 43. 

[0030] A hydraulic control valve 29 is a 4 port 3 location change-over valve which drives a 
valve element by the solenoid 53 and the spring 54, and is switched between the location 
which supplies oil pressure for the location of a valve element to the tooth-lead-angle room 
42, the location which supplies oil pressure to the lag room 43, and the location which 
supplies oil pressure to neither the tooth lead-angle room 42 nor the lag room 43. At the 
time of an energization halt of a solenoid 53, a valve element is automatically switched to 
the location which supplies oil pressure to the tooth-lead-angle room 42 with a spring 54, 
and oil pressure works in the direction which carries out the tooth lead angle of the cam 
shaft phase. 

[0031] Where the oil pressure more than place constant pressure is supplied to the 
tooth-lead-angle room 42 and the lag room 43, a vane 41 is fixed with the oil pressure of the 
tooth-lead-angle room 42 and the lag room 43, rotation of the housing 31 by rotation of a 
crankshaft 12 is transmitted to Rota 35 (vane 41) through oil, and the rotation drive of the 
inspired air flow path cam shaft 16 is carried out in one with Rota 35. During engine 
operation, it is controlling the oil pressure of the tooth-lead-angle room 42 and the lag room 
43 by the hydraulic control valve 29, and carrying out relative rotation of housing 31 and 
Rota 35 (vane 41), and it controls the rotation phase (henceforth a "cam shaft phase") of the 
inspired air flow path cam shaft 16 over a crankshaft 12, and carries out adjustable [ of the 
valve timing of an intake valve ]. In addition, the torsion coiled spring 55 (refer to drawing 
2 ) which assists with the spring force the oil pressure force of making the relative rotation 
of Rota 35 carrying out in the direction of a tooth lead angle at the time of tooth-lead-angle 
control is held in the sprocket 14. 

[0032] Moreover, as shown in drawing 3 and drawing 4 , the stopper section 56 which 
regulates the relative rotation range of Rota 35 (vane 41) to housing 31 is formed in the 
both-sides section of any one vane 41, and the maximum lag phase of a cam shaft phase 
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and the maximum tooth-lead-angle phase are regulated by this stopper section 56. 
Furthermore, in the lock pin hold hole 57 formed in other vanes 41, the lock pin 58 
(relative rotation lock means) for locking relative rotation with housing 31 and Rota 35 
(vane 41) is held, and a cam shaft phase is locked in the abbreviation mid -position (middle 
lock phase) of that range that can be adjusted by getting into the lock hole 59 (referring to 
drawing 2 ) where this lock pin 58 was formed in housing 31. This middle lock phase is set 
as the phase suitable for starting. 

[0033] As shown in drawing 6 and drawing 7 , a lock pin 58 is inserted possible [ sliding in 
the cylinder member 61 by which fitting was carried out to the inner circumference of the 
lock pin hold hole 57 ], and is energized in the lock direction (the protrusion direction) with 
the spring 62. Moreover, the clearance between the cylinder member 61 and a lock pin 58 
is divided at the lock oil pressure room 64 and the oil pressure room 65 for lock discharge 
maintenance by the valve portion 63 formed in the central periphery section of a lock pin 

58. And in order to supply oil pressure to the lock oil pressure room 64 and the oil pressure 
room 65 for lock discharge maintenance from the tooth-lead-angle room 42, the lock oilway 
66 which is open for free passage in the tooth-lead-angle room 42, and the oilway 67 for 
lock discharge maintenance are formed in the vane 41. Moreover, the lock discharge oilway 
68 which opens the lock hole 59 and the lag room 43 for free passage is formed in housing 
31. 

[0034] As shown in drawing 6 , at the time of the lock of a lock pin 58, the valve portion 63 
of a lock pin 58 closes the oilway 67 for lock discharge maintenance, and will be in the 
condition of having made the lock oil pressure room 64 opening the lock oilway 66 for free 
passage. Thereby, oil pressure is supplied to the lock oil pressure room 64 from the 
tooth lead-angle room 42, with this oil pressure and spring 62, a lock pin 58 is held at the 
condition of getting into the lock hole 59, and a cam shaft phase is locked with a middle 
lock phase. 

[0035] Although the oil pressure (oil pressure of the tooth-lead-angle room 42) of the lock 
oil pressure room 64 falls during an engine shutdown, a lock pin 58 is held with a spring 62 
in a lock location. Therefore, if engine starting is performed where a lock pin 58 is held in a 
lock location (middle lock phase), and the oil pressure (oil pressure of the lag room 43) of 
the lock hole 59 becomes high after engine starting, the lock of a lock pin 58 will be 
canceled as follows by the oil pressure. The oil pressure (force of the lock discharge 
direction) supplied to the lock hole 59 through the lock discharge oilway 68 after engine 
starting from the lag room 43 If it becomes larger than the resultant force (force of the lock 
direction) with the oil pressure (oil pressure of the tooth-lead-angle room 42) of the lock oil 
pressure room 64, and the spring force of a spring 62 With the oil pressure of the lock hole 

59, a lock pin 58 is extruded from the lock hole 59, it moves to the lock discharge location of 
drawing 7 , and the lock of a lock pin 58 is canceled. 

[0036] In the state of this lock discharge, as shown in drawing 7 , the valve portion 63 of a 
lock pin 58 closes the lock oilway 66, and will be in the condition of having made the oil 
pressure room 65 for lock discharge maintenance opening the oilway 67 for lock discharge 
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maintenance for free passage. Thereby, oil pressure is supplied to the oil pressure room 65 
for lock discharge maintenance from the tooth-lead-angle room 42, and with the oil 
pressure (oil pressure of the tooth-lead-angle room 42) of the oil pressure room 65 for this 
lock discharge maintenance, and the oil pressure (oil pressure of the lag room 43) of the 
lock hole 59, a lock pin 58 resists a spring 62 and is held in a lock discharge location. 
[0037] during engine operation, since either oil pressure of the tooth-lead-angle room 42 
and the lag room 43 is high, a lock pin 58 holds in a lock discharge location with the oil 
pressure - having - housing 31 and Rota 35 - relativity - it is held at a rotatable 
condition (that is, condition in which valve timing control is possible). 

[0038] It calculates the target valve timing (the amount of target tooth lead angles of the 
inspired air flow path cam shaft 16) of an intake valve based on the output of the 
intake-pressure sensor 22 and the various sensors which detect the engine operation 
condition of coolant temperature sensor 23 grade while the engine control circuit 21 
functions also as a valve timing control means as used in the field of a claim and 
calculating the real valve timing (the amount of real tooth lead angles of the inspired air 
flow path cam shaft 16) of an intake valve during engine operation based on the output 
signal of the crank angle sensor 20 and the cam angle sensor 19. And feedback control of 
the hydraulic control valve 29 of the valve timing adjusting device 18 is carried out so that 
the real valve timing of an intake valve may be made in agreement with target valve 
timing. A cam shaft phase is changed and the real valve timing of an intake valve is made 
in agreement with target valve timing by controlling the oil pressure of the 
tooth-lead-angle room 42 and the lag room 43, and carrying out relative rotation of housing 
31 and Rota 35 by this. 

[0039] Then, since the discharge pressure of an oil pump 28 will fall if an engine speed falls 
in case an engine 11 is stopped, the oil pressure of the tooth-lead-angle room 42 or the lag 
room 43 falls. If the oil pressure (oil pressure of the tooth-lead-angle room 42) of the oil 
pressure room 65 for lock discharge maintenance and the oil pressure (oil pressure of the 
lag room 43) of the lock hole 59 fall and the spring force of a spring 62 comes to overcome 
such oil pressure by this, according to the spring force of a spring 62, a lock pin 58 will 
project and it will come to get into the lock hole 59. However, in order for a lock pin 58 to 
get into the lock hole 59, it becomes conditions that both location is in agreement, i.e., the 
cam shaft phase is in agreement with a middle lock phase. 

[0040] In case an engine 11 stops, in order for an engine speed (rotational frequency of an 
oil pump 28) to fall and for oil pressure to fall, a lock pin 58 is made to get into the lock hole 
59 in the process, as the cam shaft phase changes with the load torque of a cam shaft 16 to 
the lag side automatically and it is shown in drawing 6 , and it is necessary to lock a cam 
shaft phase with a middle lock phase. However, since a lock pin 58 will not arrive at the 
lock hole 59 even if the cam shaft phase changes with oil pressure falls to the lag side if a 
cam shaft phase is already in a lag side rather than a middle lock phase in case an engine 
11 stops, a cam shaft phase cannot be locked with a middle lock phase. 

[0041] Then, the engine control circuit 21 controls a hydraulic control valve 29 by 
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performing the lock tooth-lead-angle control program shown in drawing 8 to carry out the 
tooth lead angle of the cam shaft phase for a lock, when [, such as the time of an engine 
shutdown, ] it is necessary to make a cam shaft phase lock with a middle lock phase (this 
control is hereafter called "lock tooth-lead-angle control"). 

[0042] As for the lock tooth-lead-angle control program of drawing 8 , the engine control 
circuit 21 is performed periodically working. If this program is started, it will judge by 
whether the engine shutdown command was taken out with step 101, and whether the 
ignition switch 25 was turned off first. Processing of this step 101 plays a role of an engine 
halt command detection means as used in the field of a claim. As mentioned above, since 
after [ of an ignition switch 25 ] off is held at a predetermined time ON state, main relay 71 
can perform lock tooth-lead-angle control which states below at the period. 
[0043] When judged with the ignition switch 25 having been turned off and the engine 
shutdown command having been taken out with step 101, it progresses to step 102 and 
tooth-lead-angle control of a cam shaft phase is started. This tooth-lead-angle control stops 
energization of the solenoid 53 of a hydraulic control valve 29, it switches a valve element 
to the location which supplies oil pressure to the tooth-lead-angle room 42, makes oil 
pressure act in the direction which carries out the tooth lead angle of the cam shaft phase, 
and makes coincidence discharge the oil pressure of the lag room 43 to a drain with the 
spring 54 of a hydraulic control valve 29. under the present circumstances, since fuel 
injection was suspended, the engine speed (oil-pump rotational frequency) fell, oil pressure 
fell, but (refer to drawing 9 ) after the engine shutdown command was mentioned above 
when it was the rotational frequency which can idle - it twists and tooth-lead-angle control 
is attained with oil pressure by considering the spring force of the direction of a tooth lead 
angle of coiled spring 55 as assistance. 

[0044] It progresses to step 103 after tooth-lead-angle control initiation, and if it judges 
whether the cam shaft phase (real valve timing of an intake valve) computed based on the 
output signal of the crank angle sensor 20 and the cam angle sensor 19 carried out the 
tooth lead angle rather than the middle lock phase and the cam shaft phase has not carried 
out a tooth lead angle rather than a middle lock phase, it progresses to step 104 and 
tooth-lead angle control (energization halt of a solenoid 53) of a cam shaft phase is 
continued. 

[0045] On the other hand, when judged with the cam shaft phase carrying out the tooth 
lead angle rather than the middle lock phase at step 103, it progresses to step 105, and 
feedback control of the hydraulic control valve 29 is carried out so that a cam shaft phase 
may be doubled with a middle lock phase. 

[0046] Then, if it progresses to step 104 or step 106 from 105, it judges whether it is that 
the engine 11 stopped (an engine speed is 0) and the engine 11 has not stopped, 
tooth-lead-angle control of return and a cam shaft phase or the feedback control to a 
middle lock phase is repeated to the above-mentioned step 103 (steps 103*105). Thus, while 
the cam shaft phase is controlled near the middle lock phase, when the spring force of the 
spring 62 of a lock pin 58 comes to overcome oil pressure by the fall of the oil pressure 
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accompanying the fall of an engine speed, a lock pin 58 projects, it gets into the lock hole 59, 
and a cam shaft phase is locked with a middle lock phase. Then, this program is ended 
when judged with the engine having stopped at step 106. 

[0047] It judges whether there are any abnormalities of the sensor (the crank angle sensor 
20 and cam angle sensor 19 grade) which progresses to step 107 and is used for valve 
timing control at step 101 on the other hand when an ignition switch 25 is judged to be ON. 
Processing of this step 107 plays a role of an abnormality judging means as used in the 
field of a claim. When judged with having no abnormalities in a sensor, it progresses to 
step 108 and judges whether it is the operational status it is easy to generate that it is an 
engine failure inclination, i.e., an engine stall. Therefore, an engine failure inclination is 
judged in the size of the engine rotation fluctuation for example, in a low-engine-speeds 
field. Processing of this step 108 plays a role of an engine failure inclination judging means 
as used in the field of a claim. At this step 108, when judged with it not being an engine 
failure inclination, it progresses to step 109 and an engine speed judges whether it is below 
the predetermined rotational frequency S. Here, the predetermined rotational frequency S 
is set as a rotational frequency somewhat higher than the rotational frequency it becomes 
impossible to secure oil pressure required to carry out the tooth lead angle of the cam shaft 
phase to a middle lock phase. 

[0048] When judged with an engine failure inclination at step 108, or when an engine 
speed is judged at step 109 to be below the predetermined rotational frequency S, 
tooth-lead-angle control of a cam shaft phase or the feedback control to a middle lock phase 
is repeated until it progresses to step 102, it starts tooth-lead-angle control (energization 
halt of a solenoid 53) of a cam shaft phase and an engine 11 stops (steps 103-106). While 
the cam shaft phase is controlled near the middle lock phase, when the spring force of the 
spring 62 of a lock pin 58 comes to overcome oil pressure by this, a cam shaft phase is 
locked by the lock pin 58 with a middle lock phase. 

[0049] The usual valve timing control which judges it as a normal engine operation 
condition, progresses to step 110, and controls a cam shaft phase (real valve timing) by 
step 108,109 mentioned above to a target phase (target valve timing) when both judged 
with "No" is carried out. 

[0050] On the other hand, at the above-mentioned step 107, since it is in the condition 
which cannot control a cam shaft phase correctly to a target phase when judged with those 
with the abnormalities in a sensor, it progresses to step 111 and tooth-lead-angle control 
(energization halt of a solenoid 53) of a cam shaft phase is carried out. In with the 
abnormalities in a sensor, tooth-lead-angle control of a cam shaft phase is performed, and a 
cam shaft phase comes to be located in a tooth-lead-angle side rather than a middle lock 
phase until an engine 11 stops. 

[0051] The example of activation of lock tooth-lead-angle control of the operation gestalt (l) 
explained above is explained using the timing diagram of drawing 9 . Drawing 9 is the 
example which the cam shaft phase applied to the system currently controlled rather than 
the middle lock phase at the lag side, when an ignition switch 25 is turned off (at the time 
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of idling operation). 

[0052] Although an engine speed (oil-pump engine speed) falls and oil pressure falls since 
fuel injection is suspended if an ignition switch 25 is turned off, off, more, energization of 
the solenoid 53 of a hydraulic control valve 29 is stopped, and it is switched to the location 
of an ignition switch 25 where a valve element supplies oil pressure to the tooth-lead-angle 
room 42 with the spring 54 of a hydraulic control valve 29. Thereby, tooth-lead-angle 
control of a cam shaft phase is started, and the cam shaft phase changes in the direction of 
a tooth lead angle. 

[0053] Then, as a dotted line shows to drawing 9 , when a cam shaft phase passed and 
carries out the tooth lead angle of the middle lock phase, feedback control of the control 
current of a solenoid 53 is carried out, and a cam shaft phase is returned to a middle lock 
phase. If the spring force of the spring 62 of a lock pin 58 comes to overcome oil pressure 
while the cam shaft phase is controlled by such tooth-lead-angle control or feedback control 
to a middle lock phase near the middle lock phase, a lock pin 58 gets into the lock hole 59, 
and a cam shaft phase will be in the condition of having been locked with the middle lock 
phase. Then, an engine 11 stops. 

[0054] If an ignition switch 25 is turned off, since the tooth lead angle of the cam shaft 
phase will be carried out by lock tooth-lead-angle control with this operation gestalt (l) 
more than a middle lock phase, even if a cam shaft phase suits a lag side rather than a 
middle lock phase at the time of OFF of an ignition switch 25, a cam shaft phase can 
certainly be locked with a middle lock phase by lock tooth-lead-angle control, so that 
clearly from the above explanation. Thereby, while being able to improve the startability of 
a next engine, the noise by vibration of the vane at the time of starting can be prevented. 
[0055] and with this operation gestalt (l), when a cam shaft phase is already located in a 
tooth-lead-angle side rather than a middle lock phase at the time of lock tooth-lead-angle 
control Since the cam shaft phase passed the middle lock phase by lock tooth-lead-angle 
control, and it was made to perform feedback control to a middle lock phase when a tooth 
lead angle was carried out, a cam shaft phase can promptly and more certainly be locked 
with a middle lock phase by feedback control. 

[0056] However, this invention is good also as a configuration which does not perform 
feedback control to a middle lock phase. Even in this case, if a cam shaft phase carries out 
a tooth lead angle by lock tooth-lead-angle control more than a middle lock phase, after 
that, by the oil pressure fall accompanying the fall of an engine speed (pump rotational 
frequency), a cam shaft phase surely comes to reach a middle lock phase in the process in 
which it changes to the lag side, and can certainly lock a cam shaft phase with a middle 
lock phase. 

[0057] Moreover, with this operation gestalt (l), since it is made to carry out lock 
tooth-lead-angle control also when it is the operational status which an engine stall tends 
to generate, also in the time of an engine stall, a cam shaft phase can certainly be locked 
with a middle lock phase, and the startability of a next engine can be improved. 
[0058] By the way, if an engine speed (oil-pump engine speed) falls, since oil pressure will 



15/19 



Japanese Publication number : 2001-050063 A 



fall, when an engine speed becomes low too much, there is a possibility that it may become 
impossible to secure oil pressure required to carry out the tooth lead angle of the cam shaft 
phase to a middle lock phase. 

[0059] In that respect, when an engine speed becomes below the predetermined rotational 
frequency S with this operation gestalt (l), That is, since he is trying to start lock 
tooth-lead-angle control before reaching the low rotation field it becomes impossible to 
secure oil pressure required for an engine speed to carry out the tooth lead angle of the cam 
shaft phase to a middle lock phase The situation stop being able to carry out the tooth lead 
angle of the cam shaft phase to a middle lock phase by the oil pressure fall by engine-speed 
fall is beforehand avoidable. 

[0060] Moreover, with this operation gestalt (l), in case an engine 11 is stopped also in the 
condition that a cam shaft phase is uncontrollable by the abnormalities in a sensor to a 
target phase since it is made to carry out lock tooth-lead-angle control when judged with 
those with the abnormalities in a sensor, a cam shaft phase can be located in a 
tooth-lead-angle side rather than a middle lock phase. For this reason, also in the time of a 
sensor abnormal occurrence, at the time of an engine shutdown, a cam shaft phase surely 
comes to reach a middle lock phase in the process in which it changes to the lag side, by the 
oil pressure fall accompanying the fall of an engine speed (pump rotational frequency), and 
a cam shaft phase can certainly be locked with a middle lock phase. 

[0061] In addition, when the existence of the abnormalities of the whole valve timing 
control system containing a sensor is supervised and valve timing control becomes unusual, 
it may be made to carry out lock tooth-lead-angle control. 

[0062] With this operation gestalt (l), moreover, a hydraulic control valve 29 Since a valve 
element is automatically switched to the location which supplies oil pressure to the 
tooth-lead-angle room 42 with a spring 54 at the time of an energization halt of a solenoid 
53 Even if main relay 71 should be turned off in the middle of lock tooth-lead-angle control, 
oil pressure can be succeedingly used in the direction which carries out the tooth lead angle 
of the cam shaft phase, and the tooth lead angle of the cam shaft phase can be carried out 
more than a middle lock phase. However, you may make it oil pressure commit this 
invention in the direction which carries out the tooth lead angle of the cam shaft phase at 
the time of energization of a solenoid 53. 

[0063] By the way, in the condition that the cam shaft phase is controlled rather than the 
middle lock phase at the tooth-lead-angle side, when an ignition switch 25 is turned off, 
even if it does not perform lock tooth-lead-angle control, a cam shaft phase can be locked 
with a middle lock phase. Even in this case, if lock tooth-lead-angle control shall be 
performed, since the cam shaft phase keeps away from the middle lock phase by lock 
tooth-lead-angle control, time amount until it makes a cam shaft phase lock with a middle 
lock phase will become long. 

[0064] Then, in the lock tooth-lead-angle control program of drawing 8 , only when judged 
with adding the processing which judges whether a cam shaft phase is located in a lag side 
rather than a middle lock phase, and a cam shaft phase being located rather than a middle 
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lock phase before step 102 at a lag side, it may be made to carry out lock tooth-lead-angle 
control after step 102. If it does in this way, when lock tooth-lead-angle control is 
unnecessary, it is not necessary to perform useless lock tooth-lead-angle control, and time 
amount until it makes a cam shaft phase lock with a middle lock phase can be shortened. 
[0065] In addition, although after OFF of an ignition switch 25 holds main relay 71 to a 
predetermined time ON state and can perform the lock tooth lead angle control program of 
drawing 8 with this operation gestalt (l) at the period When it considers as the 
configuration which energizes the valve element of a hydraulic control valve 29 like this 
operation gestalt (l) in the location which supplies oil pressure to the tooth-lead-angle 
room 42 with a spring 54 Main relay 71 is turned off in OFF and coincidence of an ignition 
switch 25, and you may make it intercept the current supply of a system. In this case, since 
energization of the solenoid 53 of a hydraulic control valve 29 is stopped by OFF and 
coincidence of an ignition switch 25, it is switched to the location where a valve element 
supplies oil pressure to the tooth-lead-angle room 42 with the spring 54 of a hydraulic 
control valve 29, and oil pressure comes to work in the direction which carries out the tooth 
lead angle of the cam shaft phase. Thereby, also where current supply is intercepted, the 
tooth lead angle of the cam shaft phase can be carried out more than a middle lock phase 
and a cam shaft phase can be locked with a middle lock phase. 

[0066] With the [operation gestalt (2)] above-mentioned implementation gestalt (l), since 
after [ of an ignition switch 25 ] off is held at the predetermined time ON state set up 
beforehand, main relay 71 can perform lock tooth-lead-angle control at the period. That is, 
when a cam shaft phase carries out a tooth lead angle to a middle lock phase, you may 
make it turn off main relay 71 immediately with the above-mentioned operation gestalt (l), 
although the stage to turn off main relay 71 was always fixed. 

[0067] With the operation gestalt (2) of this invention which materialized this, the engine 
control circuit 21 performs the main relay control program of drawing 10 with the lock 
tooth-lead-angle control program of drawing 8 . The Maine control program of drawing 10 
is started by OFF and coincidence of an ignition switch 25, and plays a role of a main relay 
control means as used in the field of a claim. In this program, the processing (step 201) 
which judges whether the cam shaft phase carried out the tooth lead angle rather than the 
middle lock phase, and the processing (step 202) which judges whether predetermined time 
T has passed since OFF of an ignition switch 25 are repeated a predetermined period. Here, 
predetermined time T gives allowances to time amount required for for example, a cam 
shaft phase to carry out a tooth lead angle more than a middle lock phase to some extent, 
and is set as it. 

[0068] Then, when judged with "Yes" at step 201 or step 202, it progresses to step 203, 
main relay 71 is turned off, and this program is ended. In addition, with this operation 
gestalt (2), since main relay 71 is immediately turned off when a cam shaft phase carries 
out a tooth lead angle to a middle lock phase, when performing the lock tooth-lead-angle 
control program of drawing 8 , processing (step 103,105) of the feedback control to a middle 
lock phase becomes unnecessary. 
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[0069] According to this operation gestalt (2) explained above, like the example of 
activation shown in drawing 11 , when a cam shaft phase reaches a middle lock phase by 
lock tooth-lead-angle control, main relay 71 is turned off (continuous line in drawing 11 ). 
Thereby, the ON time amount (current supply time amount) of the main relay 71 after 
OFF of an ignition switch 25 can always be set as necessary minimum. Moreover, by the 
time predetermined time T has passed since OFF of an ignition switch 25, when the tooth 
lead angle of the cam shaft phase cannot be carried out rather than a middle lock phase as 
fail-safe when the abnormalities in a system occur and predetermined time T passes, main 
relay 71 is turned off (two-dot chain line in drawing 1111 ). Thereby, the situation where 
main relay 71 continues being turned on for a long time at the time of the abnormalities in 
a system can be prevented beforehand. However, you may make it omit processing of step 
202 of drawing 10 in this operation gestalt (2). 

[0070] Although each operation gestalt explained above applies this invention to the 
adjustable valve timing control device of an intake valve, this invention may be applied to 
the adjustable valve timing control device of an exhaust air bulb. In addition, this 
invention may change the structure of a valve timing adjusting device suitably, and, in 
short, should just be the valve timing adjusting device of the method which locks a cam 
shaft phase with a middle lock phase. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[ Drawing l] The outline block diagram of the whole control system in which the operation 
gestalt (l) of this invention is shown 

[Drawing 2] Drawing of longitudinal section of a valve timing adjusting device 

[Drawing 3] The sectional view shown along with the A- A line of drawing 2 

[Drawing 4] The sectional view shown along with the B-B line of drawing 2 

[Drawing 5] The sectional view shown along with the OC line of drawing 4 

[Drawing 6] The partial expanded sectional view showing the lock condition of a lock pin 

[Drawing 7] The partial expanded sectional view showing the lock discharge condition of a 

lock pin 

[Drawing 8] The flow chart which shows the flow of processing of a lock tooth-lead-angle 
control program 

[ Drawing 9l The timing diagram which shows the example of control of an operation 
gestalt (l) 

[Drawing 10] The flow chart which shows the flow of processing of the main relay control 
program in the operation gestalt (2) of this invention 

[Drawing 111 The timing diagram which shows the example of control of an operation 
gestalt (2) 

[Drawing 12] The sectional view of the conventional valve timing adjusting device 
[Description of Notations] 
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11 - An engine (internal combustion engine), 12 - 14 A crankshaft, 15 - Sprocket, 16 - An 
air inlet cam shaft, 17 - An exhaust cam shaft, 18 - Valve timing adjusting device, 19 - A 
cam angle sensor, 20 - A crank angle sensor, 21 - Engine control circuit (a valve timing 
control means, an engine halt command detection means, an engine failure inclination 
judging means, an abnormality judging means, main relay control means), 25 - An 
ignition switch, 28 - An oil pump, 29 - Hydraulic control valve (fluid pressure control 
means), 31 [ - A vane, 42 / - A tooth-lead-angle room, 43 / - A lag room, 53 / - A solenoid, 
54 / - A spring, 58 / - A lock pin (relative rotation lock means), 59 / - A lock hole, 71 / - 
Main relay. ] - Housing (the 1st body of revolution), 35 - Rota (the 2nd body of revolution), 
40 A fluid room, 41 
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